Mercury, because of its violent toxicity and vaporization, is to be monitored in all areas of modern life so as to control the atmosphere from being polluted with mercury in our environment. However, mercury in environmental samples exists at very low levels, which require fast and easy-to-use methods that permit the determination of Hg(II) at levels of microgram per liter. The ultratrace determination of Hg(II) has required preconcentration or amalgamation so as to improve the detection limits. However, this decreases the accuracy of the determination and introduces a longer manipulation of the sample. Up to date, there are many methods for the determination of mercury (more than 220 papers published in 1997). Among those publications, cold vapor atomic absorption spectrometry (AAS) and cold vapor atomic fluorescence spectrometry (AFS) [1] [2] [3] [4] are the two most conventional methods, which have merits such as sensitivity and strong tolerance to interferents. Along with the development of modern instruments, inductively coupled plasma-atomic emission spectrometry (ICP-AES) and inductively coupled plasma-mass spectrometry (ICP-MS) are becoming even more useful ways to determine ultratrace mercury(II). 5, 6 However, those instruments are so expensive that they are not suitable for environmental laboratories in developing countries as well as field analysis. To increase the analytical sensitivity, some preconcentration methods, such as hydride generation, have been used to combine with AAS, AFS, ICP-AES or ICP-MS for the determination of trace mercury(II). [7] [8] [9] However, the hydride-generation technique has been connected spectrophotometrically with a batch method, but not a continuous method. The flow-injection technique has such merits as a small volume of waste, which enhances the sensitivity of the method and allows easy connection with an automated system. Many studies have been carried out on the flow-injection method combined with several analytical detectors for the determination of mercury(II) of environmental samples in past years, and many good results have been obtained. [10] [11] [12] [13] [14] The kinetic method in those methods for the determination of mercury(II) using reaction-rate theory, stands out by its high sensitivity and low limits of detection. The features of those methods based on an inhibitory 15 or catalytic [16] [17] [18] effect of Hg(II) on an indicating reaction, such as photometric, redox or electrochemical reactions, which can be detected by spectrophotometry or electroanalysis, probably result mainly from kinetic methods coupled with the availability of specially designed instruments and personal computers. Flowinjection analysis has been recognized as being a suitable vehicle for implementing catalytic methods. Among the papers described, the catalytic effect is most usually used because it is much more sensitive and selective due to the catalytic effect. The indicating reaction used in this study was based on the catalytic decomposition of ferrocyanide with mercury(II). The mechanism for this reaction may be described as follows: (1) 20 , safranin reduced by iodide 16 , and Brilliant Green with sulfite 15 have also been described. In this work, trace mercury(II) was determined by a catalytic decomposition of ferrocyanide with mercury(II) using an air-segmented FIA method. 21 With the conditions of 60˚C as the reaction temperature and 6 min as the reaction time, a detection limit of 0.4 ng ml -1 for inorganic Hg(II) was achieved using a 20 µl-injection. The relative standard deviation (n=8) was 0.7% for a 4.9 ng ml -1 Hg(II) solution. The recovery of method was 99 -106% for 15 -30 ng ml -1 Hg(II) solutions. The accuracy of the method was evaluated using the standard-addition method for natural water.
Experimental

Apparatus and procedure
A schematic diagram of the air-segmented FIA system for the determination of Hg(II) is shown in Fig. 1 . An FIA-TL flow-injection analyzer (Instrumental Co., North East Electric Power Institute, Changchun, China) with a ten-channel peristaltic pump, a Model 756 UVvisible spectrophotometer (Yixing Analytical Instrumental Co., Jiangsu, China) and an XWT 104 recorder (Dahua Instrumental Co., Shanghai, China) were used. The two-channel peristaltic pump (P 2 ) was obtained from Gilson Minipuls 2 (Gilson Co., France). The air-segmented sample injection valve was made in our laboratory. The operating conditions of the system are given in Table 1 .
Reagents
A stock standard solution (1000 mg l -1 ) of Hg(II) was prepared from HgCl 2 (Analytical Grade, The Shanghai First Reagent, China). A working standard solution containing 0.1 mg l -1 Hg(II) was prepared from the stock solution by diluting daily with water. An ethanol solution of 1,10-phenanthroline (0.09% w/v in 10% ethanol) was prepared by dissolving 1,10-phenanthroline (Analytical Grade, The Shanghai First Reagent, China) in ethanol. A potassium ferrocyanide solution (0.0010 M) was prepared by dissolving it with water. De-ionized water was used throughout in this study. All other reagents used were of analytical-reagent grade or better.
Operating procedure
Operation for a sample solution containing Hg(II), a carrier (water) and air was similar to previous studies as described elsewhere.
22, 23 The sample was aspirated through a sample loop and air was aspirated through 916 ANALYTICAL SCIENCES SEPTEMBER 1999, VOL. 15 Measurement range of the recorder 20 mV the tubes in the valve by pump P 1 . The carrier stream flowed through a by-pass tube into the reaction tube. When the valve was turned from the sampling position to the injection position, a sandwiched sample plug was formed. After R 1 (potassium ferrocyanide), R 2 (hydrochloric acid), R 3 (1,10-phenanthroline) and R 4 (water) had been mixed in the coil, the mixture was mixed with the sandwiched sample plug, and then entered into the reaction tube. After the reaction, the sandwiched sample was passed through a debubbler chamber where any bubbles were removed. In the debubbler the sample was slightly dispersed and then flowed through a flow cell at a speed controlled by pump P 2 . The absorbance (peak height) was measured at 480 nm. Although the addition of reagents could possibly split each bubble into several segments, it had no effect on segmentation of the sample. If the flowrate of the reagent was too large, the volume of the air bubble had to be increased. Lake-water samples were filtered with filter paper and were aspirated without any further pretreatment.
Results and Discussion
Optimization of parameters for this system
The experiment showed that the difference between the two absorbances of the indicating reaction in the presence and absence of mercury(II), expressed as the net peak height, had a maximum at 480 nm.
An experiment on influence of the reaction temperature showed that the net peak height increased along with increasing the reaction temperature below 60˚C, which means that heating could shorten the reaction time of ferrocyanide with 1,10-phenanthroline to reach equilibrium; also, above 60˚C the peak height decreased markedly with increasing the temperature. This result may be explained by suggesting that the high temperature destroyed the flow equilibrium or reaction equilibrium of solutions, which would decrease the sensitivity of the determination.
The influence of the concentration of potassium ferrocyanide on the net peak height showed that it increased with increasing the concentration of potassium ferrocyanide, and reached a maximum at about 1×10 -3 mol l -1 potassium ferrocyanide. The net peak height then decreased with increasing the concentration of potassium ferrocyanide.
The concentration of hydrochloric acid slightly affected the net peak height, and the curve had a maximum at about 0.10 mol l -1 hydrochloric acid. The effect of the concentration of 1,10-phenanthroline was complicated. When the concentration was less than 0.05%, the net peak height decreased with increasing the concentration. The height reached a maximum at between 0.05 and 0.09%, and then decreased markedly. The net peak heights, less than 0.05%, were higher than those by more than 0.05% as a whole. However the reproducibility, less than 0.05%, became worse. Thus, the experiment was proceeded at 0.09% under the optimized conditions. An interesting phenomenon is that the net peak height decreased with increasing the injection volume of the sample in this system. This phenomenon may be explained by saying that with increasing injection volume of the sample the dispersion of the reaction plug decreased in the stream, which would cause the amounts of the sample reacted with reagents to be decreased. The experiment showed that the most suitable reaction time was 6 min. The sensitivity of the determination decreased at less or more than 6 min.
In this system, the net peak height decreased markedly with increasing the flow rate of hydrochloric acid. The net peak height also decreased with increasing the flow rate of potassium ferrocyanide. Moreover, the experiment showed that the analytical precision became worse with decreasing the flow rate of the potassium ferrocyanide solution. The flow rate of water in R 4 (not carrier) affected the net peak height slightly, but had a maximum at 0.20 ml min -1 . The effect of the flow rate of 1,10-phenanthroline was just similar to that of water, but had a maximum at 0.45 ml min -1 . It is noteworthy that the flow rate of the carrier affected the net peak height markedly, and that the curve had a summit at 0.60 ml min -1 of the carrier.
Calibration and detection limit
Following the analytical procedure mentioned above as well as the optimization conditions, the linearregression equation for the calibration graphs for concentration of Hg(II) from 2 -25 ng ml -1 was y=3.896x-3.015 with a correlative coefficient of r=0.9997. The limit of detection, defined as threetimes the standard deviation of the blank (3σ), was 0.4 ng ml -1 for inorganic Hg(II).
Interference study
The selectivity of this method was examined by studying the effect of 1 µg ml - , Br -, Cl -, Cr(VI), Au(III), Ag(I), Li + , Mn(II), NO 3 -) on the determination of 10 ng ml -1 of Hg(II). The results showed that most of those foreign ions did not affect the determination of Hg(II) by this method, except that of Au(III) and Ag(I). Au(III) and Ag(I) had a significant effect on the determination of Hg(II). Also, Cr(VI) showed a certain effect on this method. Fortunately, in natural-water samples, the amounts of Au(III), Ag(I) and Cr(VI) are very low, and these metals will not affect the determination of Hg(II) in the practical analysis of natural-water samples.
Sample analysis
The method was evaluated by determining trace mercurry(II) in spiked water samples as well as lake-water samples using the standard-addition method. The lake water had been filtered previously with a 0.45-µ m membrane filter. The results are given in Tables 2 and   917 ANALYTICAL SCIENCES SEPTEMBER 1999, VOL. 15 3. It can be seen that the results by this method were in agreement with the added values. The relative standard deviation of the method was 0.7% for 8 measurements at 4.9 ng ml -1 mercury(II) solution. The inorganic mercury(II) in the natural-water samples was determined by using the standard-addition method, and recoveries of the method were 99 -106% (Table 3 
